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© Chromium containing steel sheet excellent in corrosion resistance and workability. 

(§) A chromium containing steel sheet excellent in corrosion resistance and workability, comprising, by weight, 
C:up to 0.030 %. Si:up to 0.5 %, Mn:up to 0.5 %, P:up to 0.040 %, S:up to 0.010 %, Ni:up to 0.3 %, Cu:up to 
0.3 %, Cr:not less than 5.0 % and less than 11.0'%, N:up to 0.030 %, V:not less than 0.01 % and not more than 
0.10 %, and optionally at least one of 0.01 to 0.30 % of Ti, 0.01 to 0.30 % of Nb, 0.01 to 0.30 % of Zr, 0.01 to 
0.20 % of Al and 0.0002 to 0.0200 % of B, the amounts of Si, Mn, P, Ni and Cu being adjusted so that the 
relation:Si + Mn + 10P + Ni + Cu S 1.0 % may be satisfied, the balance being iron and unavoidable 
impurities. 
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Field of the Invention 



The mvention relat s to a chromium containing steel sheet which is excellent in mechanical workability 
and has good corros,on resistance. The steel sheet according to the invention is suitable for use in the 
manufacture of automobile bodies and other shaped articles. The steel according to the invention is 
dehvered on market ,n the form of hot rolled strip or sheet, or cold rolled strip or sheet. These products are 
generally referred to herein as steel sheets. 



Prior Art 



For a purpose of achieving high grade rust proof in automobile bodies and for a purpose of enhancinq 

Z°T n ^T°r ud reliabili * of architectural materials, various types of surface treated steel sheets in 

22 f th St6e Sh8etS b6en reCent ' y US6d increasi "9'V- in P'ace of conventional mild steel 

sheets. The level of corros.on resistance required in the surface treated steel sheets is getting more and 

f tr9ated Steel ShSetS inC ' ude h0t dip coated 54991 sn99ts ^d electrically plated 
steel sheets. In order to provide surface treated steel sheets having a further improved corrosion resistance 

LSLT" P Tl C f i° ' nCreaSe an am ° Unt ° f COatin9 or P' atir, 9 ™* cr to apply composite coating or 

£T! h ? ? SUrfaCe treat6d 51661 Sh6etS have a" excellent corrosion resistance, they suffer 

•Sri ^*H Pr ^ -« ^ " Pr6SS f ° rm6d ' f ° r 6Xampl6 - d6?P ' y drawn - ^ invite a trouble 

^emTttrL'ri I" 9 " ^ ^ iS SP,int6rin9 0ff ° f th6 roatinQ or platin 9 'ayer. Another 
, probtem s that they do not necessanly have a satisfactory spot- and arc-weldability. The problems are 

riSa^ S8r '° US CaS6S Wh8rein the coatin ° or P' atin 9 * ™de thicker to improve corrosion 

tr^fn? r propo f d l ! ,e91 sneets whose corrosion resistance is improved not by means of surface 
treatment. For example. JP A 2-156048 discloses chromium containing steel sheets having 3 to 12 % of Cr 

■■SJ^^-TTL"^'* Al ^ u JP B 1 - 53344 disc,0S6S Cr containin 9 

steel sheets having Ti-AI added so as to enhance forming workability. Likewise. JP A 2-50940 discloses Cr 
containing corrosion resistive steel sheets having Nb-AI added so as to enhance deep drawability. 

Problems the Invention aims to solve 

thPri nC t e h f ee ' S TP K y JP A 2 156048 C ° ntain Cu and Ni capab,e of lengthening steel by dissolution 
therem. they mevrtably have an increased strength. Furthermore, they are economically disadvantageous 

■SSST ri > hT^ ° f addin 9 th9se al, °y in 9 elements. On the other hand, while the addition of 

J mb '5 o'IZT 9 6lementS ' SUCh 33 Ti ' Nb and * t0 a low chromium st9 *l. as taught by JP B 1- 
53344 and JP A 2-50940 .s advantageous to enhance forming workability of the steel it is not necessarilv 
suffic.ent to realize a desired level of corrosion resistance. necessanly 

n J,c C ! dental,y ' C f T Si °, n r6SiStiVe Stain,8SS Ste6lS are known - ^ are > however ' economically disadvanta- 
S ir U h Se h ° f fh6r ,ar9 ! C ° ntent of Cr > Furthermore, different from a cold rolled sheet of conventional 
nrl.1 .' S n° r ? ded °" * SUrtaCe ' C ° rrosion resistiv9 steel sheets, corrosion 

Shtou^ SL form ' n9 Pte ' ^ ^ ^ 3 Probl6m *• -e cases wherein a deep corrosion 

Summary of the Invention 

We have extensively examined influences of alloying elements on corrosion resistance and workability 

13S' Um 9 Stee ' SheetS - ^ 3 r6SU,t W6 have found that a cnromium containing steel sheet 

excellent m conosjon res,stance and workability can be obtained by reducing C and N, controlling S in an 
extremely reduced amount and simultaneously adding 5-11 % by weight of Cr and a small amount of V. 

y r i !«, « « Und ^ th6 WOrkabiHty Can be Sli " 6nhanced by addin 9 appropriate amounts of Ti. Nb 
Zr, Al and/or B. Being based on the findings, the invention provides a chromium containing steel shee 
excellent in corrosion resistance and workability, which comprises, by weight 

C: up to 0.030%, 

Si: up to 0.5%, 

Mn: up to 0.5%, 

P: up to 0.040 %, 

S: up to 0.010 %, 

Ni: up to 0.3 %. 
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Cu: up to 0.3 %, 

Cr: not less than 5.0 % and less than 11.0 %, 
N: . up to 0.030 %, 

V: not less than 0.01 % and not more than 0.10 %, 
s ; the amounts of Si, Mn t P, Ni and Cu being adjusted so that the relation: 

Si + Mn + 10P + Ni + Cu £ 1.0 % 

may be satisfied, the balance being iron and unavoidable impurities. 

10 The invention, further provides a chromium containing steel sheet excellent In corrosion resistance and 
workability, which in addition to the above-mentioned alloying elements in the above-mentioned proportions, 
further comprises, by weight, at least one of 0.01 to 0.30 % of Ti, 0.01 to 0.30 % of Nb, 0.01 to 0.30 % of 
Zr, 0.01 to 0.20 % of Al and 0.0002 to 0.0200 % of B, 

With the cold rolled sheets according to the invention, the target of workability intended herein is a 

75 combination of a mean Lankford value of at least 1.5 and an elongation of at least 37 %. The mean 
Lankford value is a measure of deep drawability and is an average of Lankford values in rolling direction, in 
direction at an angle of 45* to the rolling direction, in direction at an angle of 90* to the rolling direction, 
and in direction at an angle of 135* to the rolling direction. With the hot rolled sheets according to the 
invention, the target of workability intended herein is a bore expansion ratio of at least 1.2. This ratio is a 

20 measure of burring workability. 

Function 

On each alloying element, functions and reasons for the numerical restriction will now be described. 
25 C is an element which acts to strengthen the steel, and therefore, the lower the C. the more preferable 
in order to render the steel mild thereby enhancing its elongation. Furthermore, from the view point of deep 
drawability of cold rolled steel sheets, the lower the C, the more preferable. Thus, C should be controlled 
0.030 % or less, preferably 0.010 % or less. 

Si is an element which is effective for deoxygenation. However, an unduly high Si renders the steel hard 
30 and decreases its elongation. Si should be 0.5 % or less. 

Mn is an element which is effective to improve hot workability of the steel and toughness of weld zones 
of the steel. However, from the view point of steel workability of sheets, the lower the Mn, the more 
preferable. Mn should be 0.5 % or less. 

P is an element which acts to lower toughness of the steel, and therefore, the lower the P, the more 
35 preferable. P should be 0.040 % or less. 

S control is one of the most critical features of the invention. Since S adversely affects corrosion J 
resistance, particularly rust proof property, of low chromium steel, the lower the S, the more preferable. S, 
should be controlled 0.010 % or less, preferably 0.005 % or less. 

Ni and Cu, like Mn, improve toughness of weld zones of the steel. On the other hand, they render the 
40 steel hard and lower its elongation, and therefore, the upper limit for each of them is now set as 0.3 %. 

Cr is an element which is indispensable for enhancing corrosion resistance of the steel. The effect of Cr 
is still promoted by reduction of S, as mentioned above, and by addition of a small amount of V, as 
described below. At least 5.0 % of Cr is required to realize a desired level of corrosion resistance. However, 
an excessively high Cr not only invites expensive costs, but also lowers workability of the steel sheet: 
45 Furthermore, with steel sheets having an excessively high Cr content, corrosion proceeds, while forming 
pits which can be deep. Accordingly, the upper limit for Cr is now set as 1 1 .0 %. 

N is like C the smaller the better from the view point of workability of steel sheets. N should be 
controlled 0.030 % or less, preferably 0.010 % or less. 

Addition of V is another critical feature of the invention. Conjoint addition of a small amount of V with Cr 
so brings about a further enhancement of corrosion resistance of steel sheets. While the mechanism for this 
effect of V is not yet exactly understood, it is believed that V serves to promote the formation of Cr coating 
in passive state. For this effect at least 0.01 % of V is required. As the V content increases and exceeds 
0.10 %, the effect of V to enhance corrosion resistance is saturated and the steel sheet becomes hard. 
Accordingly, the upper limit for V is now s t as 0.10 %. . - 
55 Ti, Nb, Zr, Al and B are elements which are effective for enhancing d ep drawability of cold rolled steel 
sheets. B further acts to control b coming brittle induced by deep drawing, and is, th refore, effective to 
improve s condary workability of cold rolled sheets. For these effects, at lestst 0.01 % of Ti, Nb, Zr or Al, or 
at least 0.0002 % of B is r quired. Exc ssive addition of th se lements does not brings about further 
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!l P „Tr n ' '° e,eC,S ' M*"™"* •"*» quality of ma products and invite* Increas. In 
Si + Mn + 10P + Ni + CuS 1.0 % 

may be satisfied. The term, Si + Mn + 10P + Ni + Cu. is a measure based on an ability of the elements 
for strengthenmg the steel sheet due to dissolution thereof in a terrific phase. In order to reaJ» T2S 
fernfic structure in the cold rolled condition so as to ensure an elongation of at *££% Z i£J 
mentioned term should be controlled 1 .0 % or less. 

Manufacturing process 



While the steel sheets according to the invention are not restricted to any particular manufacture 
processes, a cold rolled steel sheet excellent in deep drawabi.ity according £ ^ nveZn 2n be 
advantageously by providing a molten steel having a suitable chemical composition by a IvenTonaTstS 
mak.ng process continuously casting the molten steel to a slab, heating the slab to an ZropriaTe 

° ST „ W t n .*" ran9e betW8en 1100 * a «« 1300 ' C - subjecting the slab to a hot X step 
including a finish pass of hot rolling at a temperature within the range for for forming a s ngte 
Phase, a controlled cooling to a selected coiling temperature of at least 500 -Cand co^qTfiS 
TFTT ^ 3 h0t r0 " ed Stnp h3Vin9 a fine 9rained ferritic structure. pickling Z £ o!ed J? 
25 *SK d 31 hi9 i- redUCti ° n ^ ° f 31 ,eaSt 70 % ' and — aling'the cold ro S S? * 
h« ,h 7 f t Sh6et aCC ° rd,n9 10 the invention which is mild and ex ^llent in burring workabHity can 
to ^™ti^ 

slab heating the slab to an appropnato temperature within the range between 1100 ' C. and 1300 «C and 

30 ffrc&T.T* ^ 8 COntr0 " ed **** 10 3 Se,eCted tem^Z out 
30 least 400 Cane I coiling at that temperature to provide a hot rolled strip having a fine grained ferritic 
structure. The schedule of hot rolling passes, the controlled cooling after the finish pass of 
the coiling temperature should be suitably selected so that the transformation of austenrte to fine fa£ > mat 
properly proceed and complete. A hot rolled steel sheet according to the invention Sta5££| Z 
has good bumng workability can be obtained by forming a fine duplex structure of MtiS^SSS£ 
35 fernfic phase and other hard phases in which the transformation to ferrite is not yet complete ThTs Sn be 
realized by selecting a higher cooling rate after the finish pass of hot rolling Tnd Mower Slim 
temperature. The hot rolled steel sheets may be optionally pickled and/or annealed L coiling ° 
m „ .r.T m ° dS fof annea,in 9 106 ho < ^lled or cold rolled steel sheet according to the invention 

IrJSSyi" T *?* iS S0ft6ned by annea,in9 at a tem P erature " ithi " the range fo^ eXTnTe 
other method the steel sheet is strengthened by heating to a higher temperature within tha,™ w 
Sustenite, fo.iowed by cooling to form a dup.ex structure of ferritic and tr^ZT^T ° 

h« ?S I 8 . C °', d r ° l,ed ° r h0 * r0 " edl ^ Steel sheet accordin 9 t0 *» """"ton of a duplex structure 
has a better strengh-elongation balance than that of a ferritic structure. structure 

The steel sheet according to the invention can also be used as a substrate steel she* wh^h >* ♦« ^ 
coated with one or more layers of Zn, Ni, Cu, Al, Pb, Sn. Fe or B, oTalys * " * 

Examples 

The invention will be further illustrated by following examples. Each steel having a component 

SITS!! S Cated K n Ta ?' e 1 W3S bV m6,tina ' C3St into a *** *** was di e r n toTo 

halves. One half was hot rolled to to a thickness of 4 mm, descaled, cold roll d to a thickness of 0 8 mm 
(/eduction rate of 80 %) and annealed at a temperature of 780 ■ C. for 1 minute t propel ^ cold roS 

TroZ !TJ T f ° r /T? le Lankf ° rd V3lue (r) ^ corrosion ^"ce. The otineThalf^as 

ho ro led to a thickness of 2.2 mm and annealed at a temperature of 780 'C. for 10 minutes to prov de a 

2 tenlt T * *" *" bUrrin9 by Carr ^ 9 out a *" test noL below 

Each tens le property was measured on JIS No. 5 test specimens in the rolling direction in directions at 

wa S £££ ^rr: and in a directio ; at 90 * to the ro,nn9 directi ° n - - d - 

was calculated. The r value was measured on JIS No. 13B test specimens in the rolling direction, in 
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directions at 45 * to the rolling direction and in a direction at 90 * to the rolling direction, and an average 
value (?) thereof was calculated. Corrosion resistance was examined by carrying out a salt spray test in 
accordance with JIS Z 2371 for 100 hours. At the end of the period percent area which had gotten rust was 
determined. Further, an average of depths of the deepest five pits was determined. A bore-expanding test 
5 was carried on hot rolled sheet specimens having a pouched bore of an initial diameter of d Q (= 10 mm). 
The specimen was held on a dice equipped with bead by means of a wrinkle preventer in s condition of 
free from material flow, and the bore was expanded to a final diameter using a conical ponch. The largest 
final diameter d that invited no cracking of the material was determined. A bore-expansion ratio X ' - (d - 
d 0 )/d 0 was calculated. Results are shown in Table 2. 
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Table 2 
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Cold rolled sheet 


Hot 
rolled 
sheet 




Steel 


Mechanical properties 


Corrosion 
resistance 


Bore 
expansion 


70 


No. 


YP 

(kgf/mm 2 ) 


TS 

(kgf/mm 2 ) 


El 
(%) 


r 


Area which 
got rust 

(%> 


Depth of 
corrosion 
(mm) 


ratio 
(X) 






1 


25.4 


37.8 


41.2 


1.65 


65 


0.38 


1.55 


is 




2 


27.4 


. 41.2 


40.0 


1.70 


53 


0.30. 


1 35 






3 • 


26.9 


42.8 


38.5 


1.68 


20 


0.24 


1.22 






4 


14.2 


35.1 


45.6 


2.17 


45 


0.28 


2 . 11 


20 


A 


5 


21.8 


42.9 


41.9 


1.98 


24 


0.23 


1.73 






6 


19.1 


38.9 


38.9 


1.89 


55 


0.32 


1.41 






7 


23.7 


43.0 


37.5 


1.83 


12 


0.27 


1.21 


25 




8 


17.4 


41.5 


41.4 


1,93 


51 


0.30 


1.58 






9 


18.3 


40.1 


40.6 


2.07 


48 


0.28 


1.44 






10 


18.2 


43.9 


38.7 


1.77 


30 


0.25 


1.23 


30 




11 


26.3 


39.0 


42.6 


1.65 


100 


0.63 


1.77 






12 


32.3 


45.6 


34.8 


0.85 


32 


0.35 


0.91 






13 


24.5 


44.3 


34.5 


1.25 


20 


0.42 


0.80 


35 


B 


14 


25.2 


38.0 


40.6 


1.55 


96 


0.45 


1.45 






15 


26.7 


42.4 


40.3 


1,53 


84 


0.32 


1.38 






16 


28.4 


43.5 


38.2 


1.64 


96 


0.35 


1.36 


40 




17 


34.6 


50.2 


34.6 


1.43 


60 


0.36 


1.22 



Note) A: Steels according to the invention 



B: Control steels 

45 . • 

As seen from Table 2, cold rolled steel sheets according to the Invention have excellent forming 
workability such as deep drawability as represented by an elongation of at least 37 % and an average 7 
value of at least 1.6. They further have excellent corrosion resistance as represented by low percent area 
so which got rust and small corrosion depth in the salt spray test. Hot rolled steel sheets according to the 
invention have excellent forming workability such as burring workability as represented by . large bore- 
expansion ratio. 

In contrast, Control steel No. 11 has a Cr content as low as 3.21 %, and, therefore, it has poor. corrosion 
resistance although it has good workability. 
55 Control steels Nos. 12 and 13 r spectively contain 11.70 % and 12.18 % of Cr, in xcess of the upper 
limit for Cr prescribed herein, and, therefore, cold rolled sh ets made these ste Is is unsatisfactory in deep 
drawability as reveal d by their low r values. As to corrosion resistance, they xhibit deep corrosion d pth . 
althouth their percent rust area is low. Further, hot rolled sheets made of Control steels Nos. 12 and 13 are 
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inferior in burring workability. 

th Bi M° ntr0 ' Stee,S Na H and 15 WhiCh COf1tain no V are P° or in corr °sion resistance as represented bv 

sarrc* Nos - 1 and 2 accordin9 to ^ ■** - -^ssa 

£E2 el 66 ! m 0, ?, h f in9 a " Undu ' y hiQh S con,ent is poor in corrosio " distance. 
, JS^Z 2££T Si + ^ + + " + CU 35 ^ 35 — «»* exhibits high 

While steels according to the invention, which have been made basically ferritic are illustrated in 

- ^iis&jzsr* -:r ^ • * rim: 

Effect of the Invention 

75 worl^ 3 Chr °T m C ° ntalning ^ Sheet exc * ,lent * corrosion resistance and 

h I ° r USe m th9 manufacture of automobile bodies and other shaped articles for 
wh.cn high grade rust proof and corrosion resistance are desired. 

Claims 

20 1. A chromium containing steel sheet comprising, by weight, 

C: up to 0.030 %, . 

Si: up to 0.5 %, 

Mn: up to 0.5%, 

P: up to 0.040 %. 

25 S: up to 0.010 %, 

Ni: up to 0.3 %\ 

Cu: up to 0.3 %, 

Cr: not less than 5:o% and less than li.0%, 

N: . up to 0.030 %, 

30 v * not less than 0.01 % and not more than 0.10% 

the amounts of Si, Mn, P, Ni and Cu being adjusted so that the relation: 

Si + Mn + 10P + Ni + Cu S 1.0 % 
35 may be satisfied, the balance being iron and unavoidable impurities. 

2. A chromium containing steel sheet comprising, by weight 

C: up to 0.030 %, 

Si: up to 0.5%, 

40 Mn: up to 0.5 %, 

P: up to 0.040 %, 

S: up to 0.010%, 

Ni: up to 0.3 %, 

Cu: up to 0.3%, 

« Cr: not less than 5.0 % and less than 11.0 %, 

N: up to 0.030 %, 

V: not less than 0.01 % and not more than 0.10% 

the amounts of Si, Mn. P, Ni and Cu being adjusted so that the relation: 
Si + Mn + 10P + Ni + Cu S 1.0 % 

may be satisfied, the balance being iron and unavoidable impurities. 
^ to h O.GoT%! Um C ° ntainin9 Stee ' Sh6et in aCCOrdance wi,h c,aim 1 ° r 2 herein the proportion of S is up 
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